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(54) A device and system for a low noise photodiode in a barcode scanner

(57) An apparatus and system that uses an improved
photo detector in a laser scanner to scan bar codes. The
photo detector has an increased signal to noise ratio,
which improves the ability to detect faint reflected laser

light. The signal to noise ratio is increased by reducing
the thermal noise of the photo detector. The increased
signal to noise ratio improves the laser bar code scan-
ner’s ability to read smaller bar codes as well as improv-
ing the read range of the scanner.
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Description

[0001] A device described herein relates generally to improvements in laser bar code scanners. More particularly, the
invention relates to increasing the signal to noise ratio for a photodiode.
[0002] Bar code scanners are used in a wide variety of applications, such as retailing, healthcare, inventory control,
customer identification and many other applications. Bar code scanners are adapted to scan a bar code that is typically
attached to or printed on an object. When the object is placed within the field of view of the scanner, the scanner is able
to read the bar code. Information is encoded into a bar code by varying the width of the bars and spaces that make up
the bar code. Some objects have only a small space where the bar code can be located, which limits the maximum size
of the bar code. Bar code standards, such as the "Reduced-sized Symbols" (RSS) standard, have been established to
minimize the size of the bar code and thus the area needed for a bar code.
[0003] A laser bar code scanner reads a bar code by moving a laser beam across the bar code and then detecting
the different intensity of laser light reflected from the bar code. A photo detector is used to detect the amount of laser
light being reflected. The intensity of the reflected laser light varies as the laser beam moves across the dark (bar) and
light (spaces) areas of the bar code. The bar code scanner will periodically read the photo detector to determine the
intensity of the reflected laser light, as the laser beam is moved or scanned across the bar code. The different intensities
are used to decode or read the bar code being scanned. Decreasing the size of a bar code reduces the amount of the
reflected laser light and reduces the difference in intensity between laser light reflected from the bars and spaces of the
bar code. This reduction in reflected laser light makes it increasingly more difficult to detect and accurately read a bar
code. At some point, the intensity of the reflected laser light is so low that the electrical noise, inherent to the photo
detector, will make it impossible to accurately read the bar code.
[0004] According to a first aspect of the present invention there is provided a light sensing apparatus , comprising: a
semiconductor substrate; a diode fabricated on the semiconductor substrate where the diode has a series resistance
of less than 100 ohms and a junction capacitance of less than 8 pico-farads; and a protective package that houses the
semiconductor substrate and that has a transparent window allowing light to pass through and strike the diode causing
a current to flow.
[0005] According to a second aspect of the present invention there is provided a photodetector apparatus having an
improved signal to noise ratio, the apparatus comprising: a photodiode where the series resistance is less than 100
ohms and the junction capacitance is less than 8 pico-farads.
[0006] Preferably the series resistance of the photodiode is between 60-84 ohms.
[0007] Most preferably the junction capacitance of the photodiode is between 5.8-7.5 pico-farads.
[0008] Preferably the series resistance of the photodiode is about 80 ohms and the junction capacitance is about 6.7
pico-farads.
[0009] According to a third aspect of the present invention there is provided a laser scanning system laser scanning
system having an improved signal to noise ratio for detecting reflected laser light, the system comprising: a laser device
adapted to generate a laser beam; a beam directing device adapted to direct the laser beam across a code; a photodiode
adapted to detect reflected laser light from the laser beam moving across the code and to produce electrical signals that
are proportional to the detected light where the series resistance of the photodiode is less than 100 ohms and the junction
capacitance is less than 8 pico farads; and a processor module adapted to process the electrical signals from the
photodiode to generate information about the code.
[0010] Embodiments of the present invention will now be described, by way of example, with reference to the accom-
panying drawings, in which:

FIG. 1 is an illustration of an embodiment of a laser scanning system.

FIG. 2 is a high-level flow diagram illustrating an example method for scanning an optical code using a laser scanning
device.

FIG. 3 is a across section illustration of a photodiode.

FIG. 4 is an illustration of a model of an equivalent electrical circuit showing the noise sources for a photodiode.

[0011] In the following description, numerous details are set forth to provide an understanding of the claimed invention.
However, it will be understood by those skilled in the art that the claimed invention may be practiced without these details
and that numerous variations or modifications from the described embodiments are possible.
[0012] FIG. 1 provides an illustration, in block form, of an embodiment of a laser scanning system 10, which is used
to scan an optical bar code 60. The laser scanning system 10 comprises a laser scanner 15, a store server 50 and a
bar code 60 printed on a label 55. The store server 50 is connected to one or more laser scanners 15 over a network
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65. The network 65 can be a wired or wireless system or a combination of both. In some embodiments, the store server
50 is physically removed from the store where the laser scanner 15 is located.
[0013] The laser scanner 15 comprises: a laser device 20 that generates a laser beam, a rotatable mirrored spinner
25, a photo detector 30 that detects reflected laser beam light, a processor module 35, a display 45, and communication
module 40. The processor module 35 comprises a processor, memory, stored software instructions and control/interface
logic necessary to control the other components of the laser scanner 15.
[0014] FIG. 2 illustrates a functional diagram of the laser scanner system 10. In step 200, the laser device 20 generates
a laser beam that is directed at the mirrored spinner 25. In step 210, the rotating mirrored spinner 25 directs the laser
beam so that is moves across the surface of the bar code 60. In other embodiments, different types of devices are used
to direct the laser beam across the surface of the bar code 60. While all of the devices will direct the laser beam, not all
use a rotating spinner device (e.g., a tiltable minor can be used). As the laser beam moves across the surface of the
bar code 60, the bars and spaces that form the bar code 60 reflect different amounts of laser light. In step 220, the
rotating mirrored spinner 25 also directs the reflected laser light to the photo detector 30. In step 230, the photo-detector
30 converts the received laser light signal to an electrical signal proportional to the intensity and duration of the received
laser light signal. In step 240, the processor module processes the electrical signals received from the photo-detector
30 to decode the bar code 60. In step 250, the decoded bar code data is sent to the store server 50, which returns
information about the bar code 60. The information from the store server 50 may include a price, a description, or an
action that the scanner should take. In step 260, the returned information is sent to the display 45.
[0015] The photo-detector 30 is a photo-diode device that converts light energy to electrical energy. A cross section
of a photodiode device is illustrated in FIG. 3. The photodiode is a p-n junction 320 fabricated on a semiconductor
substrate 315 and housed in a package 305 with a transparent window 310 that allows light to penetrate and strike the
p-n junction. In some embodiments, the photo-diode uses a p-in junction. When light of sufficient photon energy strikes
the photodiode, it excites an electron creating a mobile electron and a positively charged electron hole, also called charge
carriers. If the absorption of the photons occurs in the p-n junction’s depletion region, or one diffusion length away from
it, the resulting carriers are swept from the junction by the built-in field of the depletion region, producing a current called
the photocurrent. The photocurrent is proportional to the amount and duration of light energy that strikes the photo-
diode. The photodiode has two external pins 325 that connect to the p-n junction. One is the anode (positive) and the
other is the cathode (negative). When a photo-diode is operated in this manor, it is said to be operating in a photovoltaic
mode. The photovoltaic mode of operation is preferred for low frequency applications (generally up to 350 KHz).
[0016] Laser scanning applications are considered high frequency, low light applications and thus are not suited to
operate in the photovoltaic mode. To improve the response speed, low light sensitivity, and linearity of the photo-diode,
laser scanning application operate the photo-diode in a photoconductive mode. In photoconductive mode, a reversed
bias voltage is placed across the photo-diode (i.e., the cathode has a positive voltage when referenced to the anode).
The current embodiment operates the photo-diode in photoconductive mode and uses a reverse bias voltage of -24
volts. Other embodiments may use a reverse bias voltage that is substantially different while still obtaining acceptable
results from the photo-diode.
[0017] The reduction in bar code size has reduced the duration and the amount of laser light reflected from the bar
code to the photo-diode. For example, in applications using five mil wide bar codes, the collection time per bar can be
a little as 0.35 microseconds and the photocurrents generated from the laser light reflected from the bar code can be in
the range of 10-150 nano-amps. This approaches the performance limit of photodiodes.
[0018] The optics used in a laser scanner are designed to have a least one location that is optimal for reading a bar
code. The bar code is also readable when it is moved a certain distance away from the optimal read location but at some
point, the bar code will move to a point where the laser scanner will fail to read the bar code. The read range of a laser
scanner is defined as the distance over which a bar code can be successfully read. It is desirable to have a large read
range to increase the probability that a bar code will pass through the read range of the laser scanner and be successfully
read. One parameter that affects the read range of a laser scanner is the signal to noise ratio (SNR) of the photo-diode
used to detect the reflected laser light. Reducing the SNR of the photodiode makes it more difficult to read small bar
codes, which reduces the read range of the scanner when reading small bar codes.. Similarly, increasing the SNR makes
it easier to read small bar codes, which increases the read range of the scanner.
[0019] Photodiodes have some amount of inherent noise. Lowering the inherent noise of the photodiode has the effect
of increasing the SNR, which improves the probability of successfully reading a bar code. After careful examination and
analysis, the dominant source of noise in the photodiode was determined to be the thermal noise from the series
resistance of the photodiode. This finding was a contradiction to the previously held belief that the dominant source of
noise was shot noise from dark current. (Dark current is the current that flows in the absents of light.)
[0020] FIG. 4 is an illustration of an equivalent electrical circuit model 400 showing the dominant sources of noise and
other currents in a photodiode. Rs is the series resistance 405 for the photodiode and is approximately 200 ohms in a
standard photodiode. The thermal noise from the series resistance is modeled as current source IRS 410 and is approx-
imately 9.1 pico-amps. Rp is the shunt resistance 415 and is 500 mega-ohms. The thermal noise from the shunt resistance
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Rp is modeled as current source IRP 420 and is approximately 0.006 pico-amps. The junction capacitance CJ 425 is
approximately 11 pico-farads and is responsible for the transmission of the thermal noise from the series resistance.
Lowering the junction capacitance reduces the transmission of thermal noise and improves the SNR of the photodiode.
ISD 430 is the shot noise from the dark current in the photodiode and is approximately 0.03 pico-amps. ISP is the shot
noise from the photocurrent in the photodiode and is approximately 0.04 pico-amps. Defects in the silicon substrate
cause flicker noise, which is modeled as current source IFL 440 and is approximately 0.02 pico-amps. These five current
sources (IRS, IRP, ISD, ISP and IFL) represent the dominant sources of noise in the photodiode. IRS is the predominate
source of noise at 9.1 pico-amps, which is 91 times larger the other four sources of noise combined.
[0021] IDK 445 is the current source that represents the dark current in the photodiode or the current that flows when
no light is present at the p-n junction. The dark current may vary from pico-amps to a few nano-amps depending upon
the p-n junction area and process used to build the photodiode. The dark current is treated as an offset that is subtracted
from the output of the photodiode. Finally, IPH 450 is a current source that represents the photocurrent, which is propor-
tional to the amount of light energy that is absorbed by the photodiode over a specific time period. When collecting the
faint reflected laser light from a small bar code, the photocurrent is in the range of 10 - 150 nano-amps.
[0022] Thermal noise voltage from the series resistance of the photodiode can be represented by the following formula: 

k = Boltzmann’s constant
T = Temperature in Kelvin
RS = Series resistance of the photodiode

[0023] From this formula, it can be seen that reducing the value of RS (series resistance) reduces the thermal noise
voltage resulting from the series resistance.
[0024] There are two predominate applications that use large volumes of photodiodes. The first is optical or fiber optics
based communications. Fiber optic applications are known to use high power and high data rates. The photocurrents
generated in these applications are in the range of 2 to 80 micro-amps (approximately 500 time larger that in bar code
applications). The relatively high photocurrents easily over power the thermal noise from the series resistance of the
photodiode making the value of the series resistance of little importance. The second group of applications is used to
detect extremely faint light such as a star or a night vision system. These applications detect very low levels of light but
have relatively long exposure durations (collection times). Some applications have a collection time of 1 second, which
would be 2.8 million times longer than the 0.35 microseconds of collection time that can be experienced by a laser
scanner reading a 5-mil wide bar. The long collection times allows the thermal noise from the series resistance to cancel
itself out. Since the thermal noise is random, statistics and measurements show that the effects of the noise will cancel
out, if the collection time is sufficiently long. A collection time of one millisecond is sufficient time for the thermal noise
to cancel out.
[0025] In both of the above types of applications, there is no requirement or need to minimize the thermal noise from
series resistance. In the absence of a performance requirement, the economics of production (what value allows the
highest production rates) govern the process. Actual measurements of production photodiodes show the series resistance
to be between 161 - 270 ohms and the junction capacitance to be between 8.6 - 9.8 pico-farads.
[0026] To further demonstrate a lack of perceived importance of the thermal noise from series resistance, it was
discovered that three major manufacturers of the photodiode amplifiers (Texas Instruments, Analog Devices, and National
Semiconductor) simulated their photodiode amplifier circuit without using a series resistance or accounting for thermal
noise from the series resistance. The implication being that they believe the series resistance has so little significance,
it could be omitted from the circuit model. Actual measurements show the photodiodes have noise values that are
significantly higher than what is predicted by simulations using the manufacturer’s model. These noise values are ignored
by the other applications but are significant in laser scanning applications.
[0027] A number of custom photodiodes where specifically fabricated to have a reduced series resistance while having
a low or lower junction capacitance. The active area of the photodiode also had to be maintained so that the photodiodes
would have a sufficient light absorption area to capture the very weak reflected laser light. Measurements of the series
resistance for the custom photodiodes ranged from 11 - 84 ohms and the junction capacitance went as low as 5.8 pico-
farads. Further tests showed that an optimal SNR resulted when the series resistance was about 80 ohms and the
junction capacitance was about 6.7 pico-farads. (Process variations will cause these values vary by approximately plus
or minus 10%.) While these parameters provided optimal noise reduction, other values in this range also provided
significant improvements over the standard photodiodes. When the results from custom photodiodes where compared
to the standard photodiodes with a series resistance in the range of 161-270 ohms and a junction capacitance in the
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range of 8.6 - 9.8 pico-farads, the standards photodiodes exhibited 1.8 to 2.3 times more noise than the custom photo-
diodes. The custom photodiodes had a higher SNR than the standard photodiodes and thus had an improved ability to
read small bar codes and had a larger read range.
[0028] While the invention is disclosed in the context of a retail bar code scanning embodiment, it will be recognized
that a wide variety of implementations may be employed by a person of ordinary skill in the art consistent with the above
discussion and the claims, which follow below. In addition, the photodiode maybe used in other applications that would
benefit by having a photodiode with lower thermal noise and a higher SNR.

Claims

1. A light sensing apparatus, comprising: a semiconductor substrate; a diode fabricated on the semiconductor substrate
where the diode has a series resistance of less than 100 ohms and a junction capacitance of less than 8 pico-farads;
and a protective package that houses the semiconductor substrate and that has a transparent window allowing light
to pass through and strike the diode causing a current to flow.

2. The light sensing apparatus of claim 1, where the diode is fabricated with a p-n junction.

3. The light sensing apparatus of claim 1, where the diode is fabricated with a p-i-n junction.

4. The light sensing apparatus of claim 2, where the series resistance of the diode is between 60-84 ohms.

5. The light sensing apparatus of claim 4, where the junction capacitance of the diode is between 5.8-8 pico-farads.

6. The light sensing apparatus of claim 3, where the series resistance of the diode is between 60-84 ohms.

7. The light sensing apparatus of claim 6, where the junction capacitance of the diode is between 5.8-7.5 pico-farads.

8. The light sensing apparatus of any preceding claim, where the series resistance of the diode is about 80 ohms and
the junction capacitance of the diode is about 6.7 pico-farads.

9. A laser scanning system having an improved signal to noise ratio for detecting reflected laser light, the system
comprising:

a laser device adapted to generate a laser beam;
a beam directing device adapted to direct the laser beam across a code;
a photodiode adapted to detect reflected laser light from the laser beam moving across the code and to produce
electrical signals that are proportional to the detected light where the series resistance of the photodiode is less
than 100 ohms and the junction capacitance is less than 8 pico farads; and
a processor module adapted to process the electrical signals from the photodiode to generate information about
the code.

10. The system of claim 19, further comprising a store server adapted to receive the code from the processor and to
return information about the code to the processor module.

11. The system of claim 10, where the photodiode is fabricated with a p-n junction.

12. The system of claim 10, where the photodiode is fabricated with a p-i-n junction.

13. The system of claim 11, where the series resistance of the photodiode is between 60-84 ohms.

14. The system of claim 13, where the junction capacitance of the photodiode is between 5.8-8 pico-farads.

15. The system of claim 12, where the series resistance of the photodiode is between 60-84 ohms.

16. The system of claim 15, where the junction capacitance of the photodiode is between 5.8-7.5 pico-farads.

17. The system of any of claim 10, where the series resistance of the photodiode is about 80 ohms and the junction
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capacitance of the photodiode is about 6.7 pico-farads.
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